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This is the second, June 1989, Monthly Progress Report submitted as Data
Requirement (DR)-03 of the Advanced Launch System (ALS) Liquid Hydrogen
Turbopump Advanced Development Program. This program is being conducted by
Aerojet TechSystems (AT) for the Marshall Space Flight Center (MSFC), National
Aeronautics and Space Administration (NASA), under Contract No. NAS 8-37593.
This activity is defined in the Technical Implementation Plan, DR-15. It is
designed to deliver and support two reliable, low cost, maintainable LH2 turbo-
pumps together with Ground Support Equipment (GSE) and Special Test Equipment
(STE) packages to Stennis Space Center (SSC) for testing. One turbopump will be
heavily instrumented and cold gas tested to measure the internal pump and turbine
environments, the second turbopump will be flight type and hot fired. A key addi-
tional deliverable will be the LH 2 Turbopump Cost Model, which will be calibrated
with actual hardware fabrication costs and with data from simulated launch support
and production acceptance activities performed at SSC during the test period.
Cost and reliability studies, trades, and tests wiU be performed. Cost reduction
and/or reliability enhancing technologies will be substantiated by the design, fabrica-
tion, and test of experimental and demonstration hardware.
The program covers a 40-month period of performance and is structured in two
phases:
Phase I (12 mths) - Preliminary design and cost model development
Phase II (28 mths) - Detail design, fab., and full scale demonstration
The program is designed around the Work Breakdown Structure (WBS) shown
in Figure 1.
This second month effort can be characterized as one of evolving activity from
detail planning into the start of major long lead efforts involved with turbopump
design and supporting experimental work.
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WBS 1.1.1 - The point of departure (POD) turbopump concept was
reviewed and finalized during the report period (Figure 2). The basis for the POD
was the configuration presented in the Aerojet proposal. After reviewing this pro-
posal concept, several modifications were made. These modifications are outlined
below with brief comments on the logic for incorporating them:
a. The dual pump discharge arrangement was changed to a single dis-
charge. The complexity of extra ducting, and flex joints was not justifiable in the
STME/STBE engine system. Radial loads resulting from the unsymmetrical pres-
sure gradients are felt to be manageable with the single-discharge, double tongue
configuration selected.
b. Commonality of the turbine inlet manifold with the ALS LOX TPA
was dropped for this program. The reason was to avoid the inevitable delays which
would be experienced in attempting to attain commonality with another contrac-
tor's configuration, which is also in a conceptual phase and subject to change. The
turbine inlet will be sized specifically for the LH2 TPA, and will be reduced in size as
a consequence.
c. The turbine housing flange arrangement was improved by relocating it
away from the first stage nozzles. The large thermal mass, previously in close prox-
imity to the thin nozzle trailing edges, posed a potential cracking problem due to dif-
ferential thermal expansion.
d. A 10% head margin (5% diameter increase) was built into the impeller
design to ensure meeting the required discharge pressure without the need for
increasing speed.
e. A 10% turbine power margin was imposed, to be obtained by increasing
turbine inlet pressure if required. The impact is a 10% higher design pressure for







































2.1, Significant Accomplishments (cont)
f. The backup concept, as an alternative to the use of cast impellers, will
now incorporate forged/machined shrouded impellers, rather than the unshrouded
type originally planned.
Extensive discussions were held with Mechanical Technology Inc. (MTI)
on definitizafion of the scope and cost of their planned participation in the program.
MTI will support the program in the areas of bearing/seal analysis and tradeoffs,
bearing materials tests, lift-off seal design, instrumentation and test planning. It is
anticipated that the MTI effort will commence during the July reporting period.
A meeting was held at Aerojet during the report period with NASA-SSC
personnel. A productive discussion of instrumentation and test requirements took
place at this session.
WBS 1.1.6 - Conceptual design of the test cart for LH2 turbopump tests was
initiated. Use of off-the-shelf hardware for this unit is being emphasized to mini-
mize cost.
WBS 1.2.2 - Discussions were initiated with candidate test laboratories for
performing materials tests on existing PCC-supplied cast Ti-5A1, 2.5Sn test bars.
WBS 1.2.4 - Procurement activity on the cast titanium impellers intensi-
fied during the report period. A CAD package (Figure 3) was completed defining a
"typical" cast titanium impeller suitable for feasibility testing. The design is as close
to the final LH2 ADP turbopump impeller design as is possible at this stage in the
program. Responses were received from all solicited suppliers and viable candidates
were identified. The responses indicated a potential schedule problem in this area.
This is being worked at present, and is discussed further in Section 3.0 of this report.
WBS 3.1.0 - A program kick-off meeting was conducted at MSFC on 8 June
1989. A copy of the presentation package is included in this monthly progress report
(Attachment 1) for record purposes.
On 9 June 1989 a test facility interface meeting was held at MSFC with




















2.1, Significant Accomplishments (cont)
testing were discussed, a tentative schedule for future meetings was established, and
action items were assigned.
Aerojet worked on two action items from the test facility interface meet-
ing:
a. A listing of instrumentation for the LH2 turbopump tests showing
types of sensors, quantities, ranges, and sampling rates.
b. After receipt of the SSC basic test facility definition, preparation of
sketches showing the orientation of the turbopump in the test facility was initiated.
This will be delivered in the July reporting period, along with the required fluid
flows and conditions at the interface points.
Cost Account Plans (CAPs) were finalized and put in place during the
report period. The required effort is now authorized and proceeding.
To enhance our simultaneous engineering approach (an essential TQM
element) key personnel will be colocated within a dedicated ALS office area next
month.
WBS 4.1.0 - Delivery of data items will henceforth be reported under
Section 2.6 "Correspondence".
2.2 SCHEDULE
All tasks are on-schedule at close of this reporting period other than the
cost model, which requires NASA input before major effort can commence.
The Master Schedule for the LH2 Turbopump Program is shown in
Figure 4. Milestones are defined in the Milestone Dictionary, Figure 5. The DR
delivery schedule is given in Figure 6. Figure 7 shows the percentage completion on
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Figure 8 presents our manpower assessment of the program, showing
cumulative manhours expended versus those planned. For this accounting month
of June 1989 (20 May program start through 23 June), we were 16% under budget.
2.4 PLANNED WORK FOR NEXT REPORTING PERIOD
2.4.1 Place MTI under subcontract and initiate effort.








Continue baseline turbopump preliminary design effort.
Continue conceptual design of test cart.
Start low cost trade studies effort using POD design as the reference
2.4.7 Submit test instrumentation data for SSC.
2.4.8 Initiate cost model work.
2.5 CORRESPONDENCE
The following lists correspondence and data received from and transmit-
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3.0 TECHNICAL PROBLEMS AND PROPOSED SOLUTIONS
3.1 Responses from casting suppliers indicate that receipt of production-
standard deliverable cast impellers may occur after the planned end date for Phase I.
Development castings will be available during Phase I, which will support determi-
nation of material properties using test bars extracted from actual castings. The
schedule may not, however, support planned spin testing of cast impellers in
Phase I.
Aerojet will attempt to improve the schedule in meetings with suppliers
during the July report period. One possibility would be to produce the deliverable
castings in the supplier's development facility, rather than the production facility as
now planned, avoiding the changeover delay.
4.0 SPECIAL NASA CONCERNS
4.1 During the conceptual design effort on the test cart, it became apparent
that a cart for each turbopump, cold gas and hot gas, would greatly expedite trans-
portation, handling, and testing of the test articles during Phase II. The present
scope calls for fabrication of one test cart only. Aerojet recommends inclusion of a
second test cart to improve test operations productivity.
4.2 NASA needs to provide Aerojet with the Contract End Item Specification
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